Objective Several cohort studies have shown a link between serum uric acid (SUA) and subsequent cardiovascular disease. However, such an association did not remain significant after adjusting for concomitant risk factors for atherosclerosis in some studies. Thus, the role of SUA as an independent risk factor remains controversial. We therefore investigated the association between SUA and sclerotic lesions of common carotid atherosclerosis.
Introduction
Several epidemiological studies have shown a link between serum uric acid (SUA) and subsequent cardiovascular disease in the general population (1) (2) (3) (4) (5) (6) and in subjects with hypertension (7) (8) (9) . However, despite the strength of these associations, SUA has not been established as an independent cardiovascular risk factor. In some of these studies, such an association did not remain significant following the adjustment for concomitant risk factors for cardiovascular diseases (10) (11) (12) or it was detected only in women (13) . Thus, the role of SUA as an independent risk factor remains controversial.
The association between SUA and other cardiovascular risk factors complicates this issue. Elevated SUA levels are often accompanied by obesity, hypertension (14) , hyperlipidemia (15) , glucose intolerance (16) , renal disease (17) and cardiovascular risk factor clustering (18, 19) , all of which play a causal role in the pathogenesis of cardiovascular disease. In Japan, there are studies suggesting a significant relationship between an elevated SUA level and cardiovascular risk factors in a large number of men and women (5, 19) . As such, SUA seems to be merely a graded marker of risk for the development of cardiovascular disease.
This study, first ascertained the correlates of uric acid in a representative sample of elderly inpatients, and, then demonstrated whether there was an independent association of SUA with a direct and early measure of carotid intimamedial thickness (IMT) by B-mode ultrasonography. To examine these two issues, we used cross-sectional data from elderly participants.
Materials and Methods

Patients
The subjects were elderly in-patients aged 60 or more years consecutively admitted to the Medical Department of Seiyo Municipal Nomura Hospital between September 1996 and September 2004. Patients with severe cardio-renal or nutritional disorders that would affect blood pressure, renal function, lipid and glucose metabolism were excluded. Informed consent for the procedure was obtained from each patient. All procedures were approved by the Ethics Committee of Seiyo Municipal Nomura Hospital. The subjects consisted of 398 men aged 74±8 (range, 60-97) years and 521 women aged 75±8 (range, 60-104) years.
Ultrasound image analysis
An ultrasonographic evaluation (Hitachi EUB-565) using a 7.5 MHz linear type B-mode probe was performed by a specialist to evaluate sclerotic lesions of the common carotid arteries on a day close to the day of blood biochemistry analysis (within 2 days). Patients were placed in a supine position, and the bilateral carotid arteries were observed obliquely from the anterior and posterior directions. We measured the thickness of the intima-media complex (IMT) on the far wall of the bilateral common carotid artery about 10 mm proximal to the bifurcation of the carotid artery (as the image at that site is more clearly depicted compared with that of the near wall) (20, 21) as well as the wall thickness near the 10 mm point on the B-mode monitor, then used the mean value for analysis. To investigate the relation between SUA and various factors, all subjects were divided into three groups based on the tertile of SUA (SUA-1, 0.51-4.1 mg/dl; SUA-2, 4.2-5.5 mg/dl; SUA-3, 5.6-14.1 mg/dl).
Various other risk factors
We measured systolic (SBP) and diastolic blood pressure (DBP) in the right upper arm of patients in a seated posture using an automatic oscillometric blood pressure recorder. Cigarette smoking was quantified based on daily consumption and duration of smoking. For blood biochemistry analyses, total cholesterol (T-C), triglyceride (TG), HDL-cholesterol (HDL-C) and SUA were measured under a fasting condition within 24 hours after admission. LDL cholesterol (LDL-C) level was calculated by the Friedewald formula, and those with TG levels> = 400 mg/dl were excluded. The history of use of antihypertensive and/or antilipidemic drugs was also evaluated. The presence of diabetes mellitus was defined as a history of treatment for diabetes mellitus.
Statistical analysis
Statistical analysis was performed using SPSS 10.0J (Statistical Package for Social Science, Inc., Chicago, IL, USA). Differences among three groups divided based on SUA were analyzed by one-way ANOVA or 2 -test. Correlations between various characteristics and IMT were made using Pearson's correlation test. The relation between IMT and risk factors including SUA were examined by stepwise multiple linear regression analysis or logistic regression analysis. A value of p<0.05 was considered significant. Table 1 shows the background characteristics of the three groups divided by SUA. Several characteristics differed among the tertiles of distribution of SUA. Male sex (p<0.001), body mass index (BMI) (p=0.008), smoking status (p<0.001), antihypertensive drug use (p=0.006), TG (p<0.001) and IMT (<0.001) were higher in groups with higher SUA, but HDL-C (p=0.017) and LDL-C (p=0.041) were significantly lower. There were no inter-group differences in age, SBP, DBP, T-C, antilipidemic drug use, the presence of diabetes mellitus or the presence of atherosclerotic disease.
Results
Characteristics of patients in tertiles of serum uric acid
Correlation between various characteristics and carotid intima-media thickness Table 2 shows the correlation coefficient between the background characteristics and IMT. In all subjects, age (p<0.001), sex (p=0.001), smoking status (p<0.001), SBP (p<0.001), antihypertensive drug use (p<0.001), T-C (p=0.040), HDL-C (p<0.001), LDL-C (p<0.001), SUA (p<0.001) and the presence of diabetes mellitus (p=0.044) were significantly correlated with IMT. To find possible antihypertensive drug use and risk factor interaction for IMT, Pearson's correlation test for IMT was performed with risk factors in non-users and users of antihypertensive drugs. Similar relations were found between several characteristics and IMT, however, it was shown that T-C was not significantly associated with IMT in non-users, and T-C, LDL-C and the presence of diabetes mellitus were not associated with IMT in users. Figure 1 shows the correlation between SUA and IMT by gender. The weak correlation coefficient between the SUA and IMT was significant in both men (r=0.109) and women (r=0.146).
Association between conventional risk factors and carotid atherosclerosis as determined by multiple linear regression analysis
Stepwise multiple linear regression analysis using IMT as an objective variable, adjusted by various risk factors as explanatory variables showed that SUA [B, 0.0099; 95% confidence interval (CI), 0.0022-0.0175] was a significant independent contributing factor along with known risk factors such as age, sex, smoking status, SBP, DBP, antihypertensive drug use, HDL-C and LDL-C (Table 3 ). In analysis excluding users of antihypertensive drug, diabetes mellitus also remained a significant independent contributing factor along with SUA. However, SUA was not associated with IMT in an analysis of antihypertensive drug users. Plus-minus values are means±SD. Body mass index was calculated using weight in kilograms divided by the square of the height in meters. Obesity was defined as BMI > = 25.0 kg/m 2 . Smoking status: daily consumption (packs)×duration of smoking (years). Hypertension was defined as systolic blood pressure > = 140 mmHg or diastolic blood pressure > = 90 mmHg, or those who had been treated for hypertension. Dislipidemia was identified based on total cholesterol > = 220 mg/dl or TG> = 150 mg/dl or HDL-cholesterol <40 or LDL-cholesterol > = 140 mg/dl, or those who had been treated for dyslipidemia. IMT: carotid intima-media thickness.
§ One-way ANOVA or 2 -test. Figure 2 shows the relationship between SUA and the classification of carotid atherosclerosis {stage 1, IMT <1.0 mm; stage 2, IMT > = 1.0 mm; stage 3, plaque (+); stage 4, stenosis (+)}. In the second and the third highest SUA level groups, the prevalence of patients with plaque or stenosis was significantly greater than that in the lowest group ( 2 test=38.0, p<0.001). Figure 3 shows multiple logistic regression analysis for IMT by tertile of SUA and dependent variables. Compared to subjects in the lowest tertile of SUA levels (0.51-4.1 mg/dl), the adjusted odds ratio was 1.25 (95% CI, 0.87-1.78) for those in the middle tertile (4.2-5.5 mg/dl), and 1.66 (95% CI, 1.16-2.39) for those in the highest tertile (5.6-14.1 mg/dl).
Relation between the serum uric acid and the presence of carotid atherosclerosis defined by Salonen's classification
Multiple logistic regression analysis for carotid intimamedia thickness as tertile of serum uric acid and dependent variables
Discussion
We analyzed the relationship between SUA and a variety of atherosclerotic risk factors, and sclerotic lesions of the common carotid arterial IMT by ultrasonography in 398 men aged 74±8 (range, 60-97) years and 521 women aged 75±8 (range, 60-104) years. In the higher tertile of SUA (>5.60 mg/dl), metabolic risk factors such as BMI, the prevalence of antihypertensive drug use and TG were significantly elevated, but plasma concentrations of HDL-C were inversely decreased. Other lifestyle variables, including cumulative exposure to cigarette smoking showed an important relation with SUA. SUA was also a significant independent contributing factor for carotid IMT along with known risk factors.
In the highest tertile of SUA, such cross-sectional association was clinically consistent and independent of many potential confounders.
Our results are in agreement with the findings of studies in type II diabetic patients without nephropathy by Mazza et al (22) , who found an independent association between SUA and IMT. Moreover, on multivariate analysis in 376 volunteers hospitalized for elective coronary angiography, SUA was identified as a significant variable along with age, hypertension, smoking status, and inversely, plasma concentrations of HDL-C, and Framingham Type A score. Together these factors accounted for 35% of the variability in extent of carotid atherosclerosis (23) . In a Finnish population-based cohort study, SUA levels in the upper third were associated with a greater than 2.5-fold higher risk of death from cardiovascular disease than levels in the lower third on ageadjusted analyses and the relative risk increased to 3.73 after adjustment for risk factors. Further adjustment for factors related to the metabolic syndrome strengthened the risk to 4.77 (6) . In Japanese working population-based cohort study, Tomita reported that hyperuricemia had a strong association with death in all causes, coronary heart disease, stroke, hepatic disease and renal failure (5). These results indicate that SUA may also be a marker indicating risk of advanced arterial disease as well as an early marker of atherosclerosis such as carotid IMT (24) .
However, conflicting epidemiological data on the independent prognostic role of SUA might be explained by interrelations between various risk factors for atherosclerotic disease and SUA (7). Iribarren et al (10) demonstrated that the SUA level was positively correlated in both sexes with a variety of health-related factors, most notably BMI, creatinine, TG, diuretic use, alcohol intake, hypertension, diabetes, and insulin levels. However, when known atherosclerotic risk factors and relevant behavioral and biological correlates of SUA were controlled for in multivariate analysis, the association of SUA with IMT became negligible in white women and much weaker and not significant in black women and white men, respectively. Also in a cohort of 13,504 healthy middle-aged men and women from the Atherosclerosis Risk in Communities Study, SUA was correlated positively with many risk factors, and after multivariable adjustment, there was little evidence of an association of SUA with coronary heart disease in either sex (12) . In the present study, SUA was not independently associated with IMT in an analysis of antihypertensive drug users. Kono et al (25) found creatinine and TG to be major correlates of SUA in a cohort of Japanese self-defense officials. Serum T-C, alcohol intake and past smoking were positively associated with SUA levels while diabetes mellitus and HDL-C were negatively related to SUA. Furthermore, SUA is independently related to BMI, serum lipids, particularly TG, and to serum glucose. While some of the relation of SUA to BP is apparently due to the strong relation of BMI to both SUA and BP, a low order significant relation between SUA and BP remains after controlling for BMI (26) . In our study, those risk factors were also associated with a higher SUA level. These findings suggest that hyperuricemia may be another component of metabolic syndrome. studies have found that SUA is positively associated with glucose intolerance and insulin levels (16) . Hyperinsulinemia or insulin resistance may play an important role in the development of metabolic syndrome as a clustering of cardiovascular disease risk factors comprising hyperlipidemia, hypertension, hyperuricemia, and visceral obesity (27) . Insulin has been found to promote the tubular reabsorption of sodium (28) and increase sympathetic nervous system activity (29). Cappuccio et al (17) reported an association of high SUA with increased proximal tubular sodium reabsorption, thus providing a link with hyperuricemia, hyperinsulinemia, and hypertension. The association between SUA and IMT may not persist after adjusting for the influence of the above factors. In the present study, both SUA and diabetes mellitus were not independently associated with IMT in users of antihypertensive drugs, which were probably a marker for hypertension. Ishizaka et al (30) also demonstrated that the prevalence of metabolic syndrome showed a graded increase according to SUA values in both genders, and only in men who did not have metabolic syndrome, uric acid was found to be an independent risk factor for the incidence of carotid plaque. Thus, our results indicate that SUA should not be necessarily viewed as a causative factor for atherosclerotic disease but as a useful biological marker that reflects and integrates different risk factors and their possible interactions (7) . In addition to this hypothesis, the higher SUA concentration was associated with elevated total serum antioxidant capacity among individuals with atherosclerosis, and this finding suggested that hyperuricemia might be a compensatory mechanism to counteract oxidative damage related to atherosclerosis and aging in humans (31) .
We need to be aware of the limitations in interpreting the present results. Since all participants were hospitalized patients, we could not eliminate the possibility of the effect of underlying diseases and medication, especially diuretic use. However, the finding of a strong positive association of SUA and IMT in non-users of antihypertensive drug can be viewed as broadly concordant with the concept that high SUA is a risk factor or maker for carotid atherosclerosis. The present data include a cross-sectional nature, thereby precluding temporality and casual inference. However, there are also some advantages of this study design that are worth noting. First, we were able to examine an extensive array of atherosclerotic risk factors in relation to SUA. Second, the relatively large sample size enabled assessment of associations in SUA and carotid atherosclerosis. Third, noninvasive ultrasound imaging of the carotid IMT provided a direct measure of atheroma development, thus enabling study of the association of SUA with atherosclerosis, without the interference of thrombosis (10) . These points need to be addressed again in a prospective fashion in a large populationbased sample. In conclusion, we propose that SUA may be a risk factor or marker for ultrasonographically determined carotid atherosclerosis.
